SUMMARY The relationship between sodium in drinking water and blood pressure was examined in 348 schoolchildren aged 7-7 to 11-7 years. They were born and living in three areas with different levels of sodium in the public drinking water. Sodium content of the water was either long-term low, long-term high, or short-term high. The three communities are closely comparable according to demographic characteristics. The mean values of systolic and diastolic blood pressure were higher in the high sodium areas. After adjustment for dissimilarities in distributions of weight, height, pulse rate, age, family history of hypertension, and time of blood pressure measurement, these differences remained constant, ranging from 1-8 to 4-0 mm Hg. Girls and boys showed essentially the same differences. Mean 24-hour sodium excretion was somewhat higher in the long-term low area; no differences were found in sodium-creatinine ratio. The regression coefficients between sodium excretion and blood pressure were not significant. The findings from this retrospective follow-up study support the hypothesis that sodium intake influences blood pressure. The association seems to be of a relatively short-term nature, as no differences in blood pressure levels were found between the long-term and short-term high areas.
The role of high sodium intake in the pathogenesis of essential hypertension has been emphasised for a long time.' Epidemiologically this is mainly based on comparisons of the mean blood pressure levels of different populations with varying sodium intakes. Within populations, however, the results of blood pressure studies have been equivocal.26 Most of these investigations were cross-sectional, relating a casual blood pressure reading to an estimate of sodium intake at the same time. The major problems of this approach are that the estimates of sodium intake are generally very crude; furthermore, the time-course of the relation between dietary sodium and blood pressure is not taken into account. Therefore, follow-up studies are preferable because these can provide insight into the temporal aspects of the relationship under study.
Calabrese et a17 reported elevated blood pressure levels in adolescents living in a community with a high sodium content in the drinking water. In this paper data are presented from a retrospective follow-up study of blood pressure in Dutch schoolchildren living in areas with markedly different levels of sodium in the drinking water.
Material and methods Blood pressure was measured in 348 children, born and still living in three rural Dutch communities. The 179 areas with long-term low and long-term high sodium levels had experienced only minor changes in the drinking water content over the past 15 years. About one year before the study, the sodium levels in the short-term high community changed from approximately 1 to 7 mmol/l because of the introduction of NaOH as an ion-exchanger to soften the water.
The three areas are closely comparable according to demographic characteristics and no significant differences were found in the occupations of parents of the study children.
All children born between 1968 and 1971 and attending the eight largest primary schools in the areas were asked to participate. The response rate was 98% and the age of the children varied from 7-7 to 11 7 years.
Blood pressure was measured with a random-zero sphygmomanometer to reduce observer bias.8 The readings were made by one observer, who was not aware of the sodium content of the drinking water. Blood pressure was measured in duplicate and the two readings were separated in time only by measurement of the heart rate. All subjects were studied within a two-week period in September 1979. Blood pressure was taken after at least five minutes of rest on the left arm of the sitting subject. Korotkoff sound V was taken as diastolic blood pressure and the 180 mean of the duplicate readings was used in the analysis.
Weight, height, and pulse rate were recorded. Sodium intake was estimated by measuring urinary sodium excretion. Sodium and potassium concentrations in a 24-hour urine sample were measured by flame-photometry. Urinary creatinine concentration was measured by an automated enzymatic method (Technicon). Only children exceeding an excretion of 016 mmol creatinine/24 hrs/kg body weight were taken into the analysis. A family history of hypertension was assessed by asking the parents whether they or the child's grandparents had ever received any anti-hypertensive medication.
Results
Mean blood pressure values were higher in the areas with high sodium levels in the drinking water (Table   1 ). These differences could have been due to unlike distributions of the determinants of blood pressure in the study communities, so adjustment was made for variables known to be determinants of blood pressure in childhood.9 In a model for multiple linear regression the effect of residence on systolic and diastolic blood pressure was calculated, and adjustment was made for weight, height, pulse rate, age, family history of hypertension, and time of blood pressure measurement. larger in the long-term low area, but no significant differences in sodium-creatinine ratio were found between the communities. Adjustment for body weight and age slightly diminished the differences in sodium excretion between the areas. The standardised regression coefficients between urinary sodium excretion and systolic (b = 0.02) and diastolic (b = 0-01) blood pressure were non-significant. However, there are three differences between our study and theirs.
In the American study no device was used to reduce observer bias in the measurement of blood pressure. If the observers were aware of the hypothesis the results could have been seriously distorted. Furthermore, the previous study considered blood pressure levels only in long-term high and low communities. Finally, Calabrese et al"0 found higher mean levels of excreted sodium in the Increased blood pressure in schoolchildren related to high sodium levels in drinking water high sodium areas, but in our study the sodium excretion was somewhat larger in the low sodium community.
In the first period of life a child gets a relatively large part of his or her dietary sodium from water, at least when living in a high sodium region and receiving artificial feeding. As most Dutch formula feedings contain 10-20 mmol Na+/1, the infant fed solely on the bottle in a high sodium area (5-10 mmol Na+/1) obtains about 20-50% of its sodium from the water, compared with 5% in a low sodium community. However, this cannot explain our finding of similar blood pressure levels in the short-term high and the long-term high areas.
The collection of data on total intake of sodium is fraught with problems. Urinary sodium excretion was used as an indicator of total sodium intake. We considered direct estimation of sodium intake to be impossible, because of the crudeness of dietary recall and duplicate portion methods. We found no differences in sodium-creatinine ratio in the 24-hour urine. Unfortunately, the marked intra-individual variability of sodium intake implies that one 24-hour urine collection is not enough to estimate the relationship between sodium intake and blood pressure."1 A considerable number of 24-hour urine collections is necessary to assess the true value of the association.12 This would involve large practical problems in general population studies and emphasises the need for follow-up studies in this field, especially of the prospective type.
Nevertheless, the findings from this retrospective follow-up study support the hypothesis that blood pressure is related to sodium intake. The association seems to be of a relatively short-term nature: in the community with a recent change to high sodium levels the effect was discernible after one year. Evidence exists for early 'tracking' of blood pressure,13 perhaps even from the first months of life,14 so this could indicate that sodium intake is an important early determinant of 'tracking'. It may well be that genetic predisposition to high blood pressure expresses itself through environmental factors, especially high sodium intake, as early as the first period of life.
